The early years of the present century witnessed the publication of a great many papers, stimulated by the work and by the theories of Bordet and Metchnikoff, dealing with the production and mode of action of cytolytic and cytotoxic sera. To the cells of very diverse mammalian tissues specific antisera exhibiting lytic action, or activities so interpreted, were produced and upon the basis of inference many theories were developed concerning a variety of pathologic conditions. Experience has shown, however, that little of practical value has resulted from the demonstration of antibodies of this type, if the hemolysin, which is of such wide application as an indicator in serologic technic, be exduded.
Until recently but little further attention has been paid to antibodies of this character, although from time to time attempts have been made to find in such serological methods a means for detecting malignancy. Freund and Kaminer, Lehmann-Facius, Neuberg, and Lumsden have all developed technics involving basically the cytolytic or cytotoxic principle. Some of these methods make use of native sera, others develop antisera by artificial immunization, but all are directed toward demonstrating an effect of the serum upon carcinoma cells or on a derivative of these cells.
The renewed activity along these lines has been attended by an intensive search for possible specific antigenic components in cancer tissue, and, indeed, such have been found, with further proof that such antigens can serve for inducing specific reacting-bodies under experimental conditions. However, despite all demonstrations of this kind none of the serological reactions based upon earlier technical methods has proved to be even moderately satisfactory when applied to diagnostic ends. Thus it is that the reaction described by Lehmann-Facius, the so-called carcinolytic action, might seem to offer possibilities not only of development into a practical laboratory technic, but also for determining certain facts with regard to the relationship of carcinoma to diverse serological changes. Examination of the papers of Lehmann-Facius would suggest that from the technical standpoint the distinguishing feature of such tests is their simplicity, but this is hardly the case, as is shown by studies carried out in this laboratory during the past two years, in which an effort has been made so to adjust the various features entering into the procedure that a test of practical value would be at hand. It may be stated at once that thus far this objective has not been attained and the only justification for presenting some of the facts observed is to point out some of the difficulties involved. As described by Lehmann-Facius, the so-called carcinolytic action of serum is based upon the observation that when a normal serum and carcinoma cells are combined in the presence of complement, a relatively large number of the cells undergo lysis, whereas if the serum under test be one derived from an individual with carcinoma, lytic activity is either lacking or greatly reduced. Our experience with the procedure, involving some thousands of separate tests, indicates that such a differentiation can indeed be made between the normal and the carcinomatous serum, provided all other factors which enter into the test are suitable and are properly adjusted. These factors,-without entering into a consideration of the nature of the active agent in the normal serum or the reasons for its lack in that of the person with carcinoma,-are in essence the same as those which determine success with other serological procedures, namely, temperature, electrolyte content, potency of the complement, and suitability of the cell which is to undergo change and thus serve as the indicator of the reaction.
With regard to the first two of these factors, that is, the temperature and the electrolyte content, it may be said that they seem to influence this reaction in precisely the same way as is the case in other serological tests. With respect to the serum under test, it is requisite that preliminary inactivation be carried out when sera such as were available for the present work are employed. It might very well be possible to use native sera without the necessity for added complement were it possible to test the sera at some uniform time after bleeding. In the tests here reported all of the sera employed were derived from bloods which had been submitted to the laboratory for Wassermann or Kahn tests and, consequently, the potency of the contained complement was indeterminate. In order to render this uniform added guinea-pig complement was employed. Comparative tests indicate that it is a matter of indifference whether activation is effected by native or by guinea-pig complement. For reasons which will be presented later the effect of complement upon the phenomenon is not always easy to demonstrate but there can be no question concerning the importance of complement in the system when the reaction is proceeding under ideal conditions. The addition of complement also seems to play a role in another direction, since the presence of the active guinea-pig serum tends to hold in abeyance the agglutinative action so frequently exhibited by human sera, particularly if the serum is more than 48 hours old. This tendency on the part of certain cell suspensions to exhibit agglutination creates a problem in itself, for manifestly differential readings based on cell counts become impossible when clumping of the cells occurs. This difficulty will be considered further in connection with the matter of securing a cell suspension suitable for use. Certain of these features are evident in the data offered in the preceding table, embracing tests with native normal sera, with these same sera after inactivation (560/15 min.), and after reactivation with guinea-pig complement. The figures express the percentage of carcinoma cells which underwent lysis.
In so far as the role of complement is concerned, the tests made on 1/30 with the cell suspension prepared on that same date (columns b and c) illustrate the point. Clearly in the complementdeficient mixtures lysis of the cells does not occur, whereas in those with native human complement or in those with reactivated sera cell destruction has taken place. Columns b and c represent determinations made by two independent observers utilizing the same materials, thus indicating the degree of correspondence that may be obtained.
Various other pertinent points are brought out in this table, but for the moment the only matters of importance are: the apparent necessity for complement in the system, the interchangeability of human and guinea-pig complements, and the importance of some activable serum component in determining the extent of the reaction in a system where the serum under test is the only variable (with reactivated sera, lysis with S -22 per cent; with R -19 per cent; with E= 8 per cent).
The tendency, noted repeatedly, for the cells to undergo agglutination instead of lysis, or perhaps agglutination masking lysis, in complement-deficient systems is evidenced with serum S (columns f to k). It should be stated, however, that lack of complement is certainly not the only factor involved in the agglutination phenomenon.
In view of these results, and others in which tests of a quantitative character were involved, the routine of utilizing guinea-pig complement has been used throughout, and in amounts of 0.1 cc. of whole guinea-pig serum.
The Sera Tested. As has been stated above, the sera used in these tests have been those sent to the laboratory for Wassermann or Kahn testing. Such bloods reach the laboratory within 24 hours of the time they are drawn, and for the greater part of this time they are refrigerated. In so far as could be determined, such sera after inactivation, retain whatever reactive power they may have for a period of at least a week (all of the tests here made were per-formed well within that interval). Freedom from contamination is essential, since sera, regardless of source, exhibiting evidence of bacterial growth are invariably lytic for carcinoma cells. So also were sera that gave evidence of marked hemolysis or of the presence of bile pigments.
Quite naturally, among those providing the sera for these tests a great many clinical conditions were represented, but aside from pregnancy none of these seemed to exert any influence on the test. Positiveness or negativeness in the Wassermann (or Kahn) test was a matter of indifference. Pregnancy, in this test, as in so many others, was associated with a serum that behaved much as did the serum of the patient with carcinoma.
One other factor relating to the sera may be mentioned, and that is the influence of the age of the person yielding the blood for test. Herein lies a problem of which a specific detailed study was planned, but because of technical difficulties associated with the preparation of suitable cell suspensions it was never carried to completion. However, it may be said that as regards carcinolytic action, the sera of very young persons, and of the aged, are comparatively inert. Most of the individuals whose sera were tested fell within the. 20-60-year age group.
In all 1799 sera were tested. The results will be-stated later. The Cell Suspension. Manifestly, since lysis (or non-lysis) is the phenomenon under test, the choice of the cell with which this is to be observed is an all-important feature. In reported work of this general nature suspensions prepared from tissues provided by the operating-room appeared to be somewhat less satisfactory than were those derived from autopsy material (Freund and Kaminer). In the work reported by Lehmann-Facius the suspensions used were cells from mouse carcinoma and chicken sarcoma (mouse, chicken, and guinea-pig liver cells were also said to be satisfactory). In view of these facts it seemed wisest in these studies to adopt the mouse carcinoma (Twort) as a source of material, it being inferred that by so doing the cells used would more nearly represent a constant. Availability of fresh material could also be assured. It may be mentioned incidentally that other tissues were at various times tried (those used by Lehmann-Facius, and chick and mouse embryo, human placenta, mouse thymus, lymph glands, and spleen), but none proved superior in any way to the Twort carcinoma. With the embryonic tissues especially were enormous and obviously entirely non-specific reductions in cell-counts obtained. A typical protocol serves to indicate the susceptibility of such cells. With the other tissues-lymph glands, spleen, etc.-it is, in general,relatively easy to prepare suspensions containing cells in such state that they can readily be counted, and cells which undergo lysis, but with none of these has evidence of a specific reaction referable to the character of the serum been obtained. In our experience liver cell suspensions have been refractory. Thus it is that in the work here reported the Twort tumor has provided the test cell. It may not be out of place to mention the fact that tests made of the Rockefeller Twort tumor have given results even less satisfactory than those obtained with the Twort tumor maintained in this laboratory. The same is true of the spontaneous mouse tumor maintained by Strong. With this tumor cell suspensions are readily obtained, but evidence of specific susceptibility to sera of different derivations was present in but few instances.
The Twort tumor used was maintained by passage from mouse to mouse at approximately one-month intervals, and many experiments were performed in seeking those conditions most favorable to yielding satisfactory cell material. This is, of course, the basic problem in a technical method of this type; and it is one which has not been solved. Apparently the age or the sex of the mouse bearing the tumor has no relation to the stability of the cells. Nor has the rapidity of growth or the size attained a determining effect. Manifestly, the strain of mice used for maintaining this transplantable tumor might control the character of tumor growth and thus favorably or unfavorably influence the suitability of the tumor cells. Several mouse strains were tested, but none gave results more satisfactory than did the infection-free strain which has'been bred in this laboratory by Hale for many years. But even in this strain, despite every effort to control all factors, only a relatively small number of animals yielded tumors providing cell suspensions showing a differential character.
Recognizing the fact that some tumors appeared to have all of the qualities requisite, while others were completely refractory, attempts were made to propagate, by multiple inoculations, the sensitive tumor from mouse to mouse through successive tumor generations. It quickly became clear that the susceptibility or resistance of the cells is not a fixed inherent character, but rather is one determined by outside influences, and of these, the most obvious one was that provided by the mouse in which the tumor was growing. Thus, many "pure-line" strains of mice were maintained, deriving from a mouse, or litter-mates of a mouse, which had provided usable material. All such precautions were without result, as the accompanying charts indicate, and the suitability of the cancer cell suspension remains a problem uncontrollable and unpredictable.
The following charts show the infrequency with which usable suspensions can be obtained, and also the apparently haphazard manner in which they appear. The first two charts show tests of tumors developing in the progeny of mouse matings where both' parents had yielded tumors that proved satisfactory in lytic tests. The third shows the results when the tumor transplants were made in mice derived from a mating in which neither parent had provided a usable tumor.
Obviously, fitness or unfitness to serve as antigen is a factor that seems to be governed by principles altogether obscure. Indeed, a mouse may provide a tumor yielding excellent suspensions, and later, when the tumor has recurred in this same mouse, it may be completely refractory.
The method of preparing the cell suspension is also a matter of importance, and innumerable modifications of the procedure advocated by Lehmann In such suspensions as were here used will be found cells of several sizes and shapes which, although they can be readily differentiated in stained smears, look very much alike in the fresh state. Blood cells, connective tissue cells, and debris can be readily ruled out, but other small cells, and those which have undergone some fragmentation are always difficult. While practice rather than definition affords the only arbitrary basis for determining the countable cell, it may be said that to serve in the test a cell must present three dimensions, a well-defined nucleus, and an apparently intact cell membrane. t This question of spontaneous agglutination of the cells of different tumors may well merit further study. Whatever may be the mechanism of the reaction, the phenomenon appears to be referable in the first instance to some highly variable factor within the cells themselves, rather than to variations in the surrounding medium. All attempts at stabilizing such cell suspensions have failed.
It is obvious that in different suspensions the relative number of different cells may vary, as well as the ratio of countable cells to fragmented cells and debris. But there seems to be no practical method of segregating entirely the particular type of intact cell desired. This may well introduce a considerable error, for there is abundant evidence that in the test using normal serum not only are the countable cells diminished in number, but the debris and the fragments also disappear. Hence the "lysin" of the serum may exert its effect in part on elements that are not evaluated.
The Test. As indicated above, the basic feature of the test is a comparison of the number of intact carcinoma cells in a serumcomplement-cell mixture after a period of incubation with the number of such cells initially present. In theory, and, indeed, in fact under ideal conditions, in the quantitative relationships employed, with a normal serum the reduction in cell count is approximately 30 per cent; with the serum from a person with carcinoma it is less than 5 per cent, but comparative values are of more significance than are absolute percentages. Thus, some method of counting must be employed in which the error is reduced to a minimum. Several procedures were tested, but none proved superior to repeated sampling of the well-shaken mixtures before and after incubation and counts made in duplicate (by two observers) of the material spread upon Neubauer slides.
In preparing the mixtures for testing the components are always combined (in serological tubes) in the same order; first, the serum, then the complement, and finally the cell suspension. The proportions were: Serum, inactivated, 0.2 cc. Complement (fresh guinea-pig serum), 0.2 cc. Cells (density adjusted by preliminary count), 0.2 cc.
Duplicate counts of this mixture, made immediately after the ingredients are mixed, should agree to within 10 per cent. The tubes, one for each serum under test, were then stoppered to prevent loss by evaporation, and incubated over night at 370 C.
Samples were then taken after, as before, a minimal amount of shaking, and duplicate counts were made. From these, by reference to the mean of all initial counts on that suspension, computation of the reduction, if any, was made. It is only fair to point out that though counts on a given sample usually agreed very closely, those made on several samples from the same mixture may show Considerable variation,-a variation greater than is that obtained when a similar procedure is applied to erythrocyte or bacterial suspensions. Why this should be so is not at all clear, and it certainly introduces a source of error, but despite this the results in many tests were of such character that they can hardly be invalidated.
At various times during the course of the work, attempts were made to effect homogeneous suspensions, and thus reduce the possible error due to sampling, by subjecting the mixtures to mechanical shaking throughout the period of contact or for stated periods prior to each of the countings. Such procedure proved harmful rather than helpful, since even short periods (2 minutes) may, apparently by destruction of the more fragile cells, reduce the number of countable cells by from 30 to 50 per cent, and with prolonged shaking the reduction may reach 85 per cent. Again, it may be pointed out that the effect of shaking will vary with the individual tumor providing the cells.
Various procedures were adopted in an effort to eliminate the error due to sampling,-preparing sealed slide preparations in which certain fields could be counted and re-counted from photographic recording etc.,-but each modification introduced errors of its own. Further, many attempts were made to detect the result of lysis by some technic other than by cell counting, e.g., volumetric determination of sedimented cells, electric nephelometry, viscosity measurements with the duNoiuy tensiometer, and stalagmometric readings.
None of these proved serviceable. One further technic, involving the influence of the carcinolytic system on erythrocyte sedimentation offers somewhat more promise. This will be reported later.
It thus appears that this test of carcinolytic action is beset with difficulties such that it cannot, at present, serve as a useful serological technic. These difficulties are largely, if not wholly, referable to the fact that uniformly satisfactory suspensions of carcinoma cells cannot be obtained.
Results. In the present series of tests determinations were made of the carcinolytic action of 1799 sera; of which 1007 were from persons regarded as normal, 473 were from pregnancies, and 319 from cases of verified carcinoma. Of this series the tests could be regarded as satisfactory with only 47 of the carcinoma sera, that is, in only about 15 per cent of the cases. Doubtless it would be more nearly correct to say that in but 15 per cent of the cases was it possible to prepare for the test a suitable cell suspension. In those tests where the results were considered satisfactory, various degrees of inhibition occurred, as is evident in the tabulated material; in those cases-the great majority-where no differentiation between the normal and the carcinoma serums could be disclosed the difficulty was almost uniformly due to lack of stability of the cell suspension, i.e., lysis of cells occurred regardless of the medium in which they were suspended. The following table-comprising only selected tests-indicates the nature of the positive results. Conclusions. This work offers no suggestion that a test for carcinoma based upon the lytic action of sera for carcinoma cells is now available. That there are serological differences between the normal and the person with carcinoma is certain, but for revealing them some technic involving reagents better subject to control must be devised.
In addition, these studies demonstrate the highly variable behavior of the Twort tumor, both as regards the susceptibility of its cells to spontaneous lysis and agglutination, and their resistance to diverse sera. 
